Introduction
Fifty descriptive and experimental studies on serpentine soils and biota from around the world are compiled in these proceedings, with a special focus on the geology and floristics of Cuban serpentines. All papers have both English and Spanish abstracts to aid their accessibility to Spanish-speaking scientists.
 Chiarucci, Alessandro, and Alan J. M. Baker, eds. 2007 A collection of forty-three papers are found in these proceedings, covering soils, flora and fauna, ecology and phytochemistry, plant physiology, and revegetation/restoration of serpentine sites. Papers are written in English or French, and thus the proceedings are at least partly accessible to readers of either language. Thirty-two descriptive and experimental studies are compiled in this special issue, covering geology and pedology, floristics, microbiology, ecology, evolution, physiology, genomics, habitat restoration, and conservation.
Geology and Pedology
Rocks containing the serpentine group of minerals (hereafter, serpentine rocks or serpentinite) are present in almost all continents and island arcs and have their origin within the Earth's upper mantle. The olive-green color and smooth, scaly, or mottled appearance of many serpentinecontaining rocks is the basis for the name serpentine: originating from the Latin serpentinus (meaning "serpent"). Serpentine rocks often form large massifs and belts or tabular bodies along continental margins, faults, and shear zones. Coleman and Jove 1992 provides a detailed account of the origin of serpentine, including how such rocks within the Earth's crust are directly linked to the tectonic emplacement of mantle rocks such as peridotite. It is also an important source for information on the mineralogy, petrology, weathering, and geographic distribution of serpentine rocks. Moores 2011 describes in historical detail how ophiolites (terrestrial assemblages that include ultramafic rocks such as serpentinite and peridotite) helped geologists understand seafloor spreading, a key piece of evidence in support of plate tectonic theory. A more recent account of the importance of serpentinite in continental rifting and oceanic spreading, including a role in nucleation and propagation of earthquakes, can be found in Hirth and Guillot 2013. Evans, et al. 2013 reviews our understanding of serpentinization (the process by which peridotite is hydrothermally altered to generate the serpentine group of minerals), describing what serpentinites are made of, why and how they form, and how their location of origin influences their geochemistry. McCollom and Seewald 2013 provides a fascinating account of how serpentinization creates strongly reducing conditions, including fluids that are enriched with hydrogen and methane; these are sources that chemosynthetic microorganisms can exploit for metabolic energy. An account of how serpentinites may aid our understanding of the origin and early evolution of life on Earth can be found in Cardace and Hoehler 2011 (see Bacteria, Fungi, and Lichens) . Over 60 percent of the global nickel supply comes from nickel laterite ores produced from the intensive weathering of serpentinites found under humid, tropical conditions. Butt and Cluzel 2013 discusses the geological and environmental factors contributing to the formation of nickel laterites. Although focusing on California, the chapter "Serpentine Soil Distributions and Environmental Influences" in Alexander, et al. 2007 (cited under General Overviews) provides a useful summary of the taxonomy and developmental processes of serpentine soil. Another general treatment of serpentine pedology can be found in Brooks 1987 (see General Overviews). Alexander and DuShey 2011 discusses the importance of distinguishing between serpentine soils formed by the weathering of peridotite or serpentinite; these rocks are chemically similar yet mineralogically distinct, with appreciable differences in geomorphic and pedologic features. This extensive survey of soils with peridotite and serpentinite parent materials revealed appreciable differences in geomorphic and pedologic features between these chemically similar but mineralogically distinct ultramafic rocks. The study suggests that it is important to distinguish between these two rocks when doing pedological and biological studies on serpentine habitats.
The chapter focuses on the mineralogy, petrology, weathering, and geographic distribution of serpentinites, including a discussion on plate tectonics and the origin of serpentinites. The chapter describes the nature and geologic history of serpentine and its antecedent related rocks, including how regional differences in serpentinites relate to the history of a particular region. The author, a pioneer on ophiolite research, provides a personal account of how ophiolites influenced the theory of plate tectonics.
Bacteria, Fungi, and Lichens
Research on serpentine-associated microorganisms, including their diversity, ecology, and evolution, has given insight into factors and mechanisms responsible for generating belowground microbial diversity, as well as into how serpentine settings may have been central to promoting the origin of life on Earth. This chapter discusses how serpentinizing systems serve as habitat for extremophile microbes (those inhabiting the high-pH, Ca 2+ -rich waters circulating in serpentine bodies) and how they provide novel ground for scientific investigation into extremophile evolution and life on other planets.
Fungal isolation and direct DNA extraction revealed that some taxa were shared at four serpentine sites in the western Alps, while some taxa were specific to particular sites. However, the study shows a general lack of correlation between substrate mineral composition and the diversity of fungi at the four sites. The study shows distinct mycofloras for serpentine and non-serpentine soils in the Cascade Mountains of Washington State, where only 18 percent of 212 species collected were found on both soil types. A higher proportion of fungi were also mycorrhizal on serpentine compared to non-serpentine soils.
Physiological and molecular approaches are used to identify a new bacterium species isolated from a subseafloor serpentine mud volcano, illustrating the potential of serpentine sites to harbor undescribed species. The authors report forty-three species of bryophytes on serpentine and twenty-six such species on granite. Fourteen species were shared in common. Tissue analyses suggest significantly higher Mg, Ni, and Cr and significantly lower Ca:Mg ratios for serpentine mosses compared to those from granite.
Nonvascular and Vascular Plant Floristics
The authors demonstrate that the flora endemic to serpentine soil in California shows unusually high "beta diversity" among regions, although "alpha" diversity within any given region is low. Their results confirm that conservation of an endemic-rich flora requires a network of sites to capture the spatial component of diversity. The study generates a semiquantitative methodology for determining levels of serpentine affinity, including strictly endemic, broadly endemic, strong "indicator," etc., for California's rich serpentine flora. The database is useful for research in floristics, biosystematics, ecology, conservation, and land management.
Metal-Hyperaccumulator Plants
Metallophytes are plants that grow on soils that have naturally elevated levels of heavy metals, and, since high levels of some heavy metals often are associated with serpentine soils, many metallophytes are found on these soils. The term "hyperaccumulator" denotes metallophytes that take up and sequester relatively large amounts of metals in their aboveground tissues. Brooks 1998 provides an early overview of many aspects of hyperaccumulator plants, while van der Ent, et al. 2012 gives a summary of the definitions of hyperaccumulation of various heavy metals and points out that most hyperaccumulators accumulate nickel and occur on serpentine soils. Rascio and Navari-Izzo 2011 provides a broad summary of the physiology and ecology of metalaccumulating plants, including hyperaccumulators. Five hypotheses have been suggested to explain the evolution of metal hyperaccumulation by plants: the best-explored hypothesis is that of defense against herbivores and pathogens. Boyd 2007 reviews the evidence regarding the defense hypothesis and points to future research approaches and experimental needs. Using two nickel-hyperaccumulator species, the authors test the species' effectiveness in generating bio-ore when plant biomass is furnace treated. The bio-ore has high Ni concentrations but also relatively high Ca levels; the latter feature may be problematic for next steps in the metallurgical process. A timely review clarifying the circumstances in which the term "hyperaccumulator" is appropriate, outlining the conditions to be met when the term is used. It summarizes the main considerations for establishing metal hyperaccumulation in plants and redefines some of the terminology, including thresholds for the hyperaccumulation of various metals.
Fauna
The serpentine fauna has received much less scientific study than its flora. This was pointed out in Brooks 1987 (cited under General Overviews), an early compendium on serpentine habitats. Alexander, et al. 2007 (see General Overviews) contains a chapter devoted to serpentine animals, fungi, and bacteria, but it is clear that the literature on serpentine fauna is relatively depauperate.
Chazeau 1997 examines patterns of serpentine endemism for New Caledonian animal groups, concluding that serpentine vegetation provides an opportunity for adaptive radiation within animal groups because of low competition in these low-productivity habitats and (for herbivores) the availability of new habitats created by plant speciation. Overall, serpentine endemism among the animal orders ranged widely, from 0 to 61 percent; in contrast, about 50 percent of the flora of New Caledonia is endemic to serpentine. Certainly the greater mobility of animals suggests that they are less likely to develop specialized populations that are adapted to serpentine habitats. For example, Proctor and Whitten 1971 documents a large population of pocket gophers on serpentine soil but does not find that those animals differ from populations on non-serpentine sites. Wild 1975 explores the relationship between mound-building termites and serpentine soils in Africa, recording effects of the termites on the vegetation and also increased nickel and chromium concentrations in bodies of worker termites. There are serpentine-endemic animal species, most of which are specialist herbivores of serpentine-endemic plants. Boyd 2009 reviews the literature on these insects, some of which have high whole-body nickel concentrations and are termed "high-nickel" insects. Serpentine sites had lower amounts of flower damage but also lower levels of pollinator visitation. These differences were partly due to differences in the faunas of serpentine and non-serpentine sites and partly due to differences in plant size and chemical composition caused directly by soil differences. The authors document a high population density of gophers on serpentine soils and collect Ca/Mg ratio data from soil and corms of Brodiaea, a major gopher food plant. They conclude the gopher's diet has a relatively low Ca:Mg ratio. One of a series of papers that present the results of X-ray microanalysis to study the tissue-level localization of metals in animals, plants, and fungi from serpentine sites, this study examines a high-nickel insect from South Africa. The authors conclude elimination of nickel by Malphigian tubules is an important adaptation for this beetle.
A detailed study of the association between termites (especially a mound-building species) and serpentine soils. Ant mounds had different (less extreme) soil chemistry than the surrounding soils and thus affected composition of the vegetation. Bodies of worker termites had high metal concentrations compared to soldier and queen termites.
Ecological Aspects
The often-sharp differences in habitat features between serpentine and adjacent non-serpentine areas have led to the suggestion that fragmented serpentine habitats form archipelagos in nonserpentine habitat seas. Harrison, et al. 2006 explores regional and local factors involved with plant richness on California serpentine sites, finding that outcrop area and isolation were less important than environmental factors such as rainfall and local vegetation features. Given the island nature of many serpentine habitats, it is appropriate that the metapopulation concept was developed by Paul Ehrlich and colleagues during studies of serpentine habitat fauna (see Ehrlich, et al. 1975, cited under Fauna) . Kazakou, et al. 2008 hypothesizes that the high degree of endemism of serpentine floras is achieved via adaptations that allow species to tolerate serpentine site conditions and that these adaptations result in loss of competitive ability when serpentine populations are grown on non-serpentine soils. Moore and Elmendorf 2011 reviews the role of competition in serpentine endemism and concludes that more studies are needed of the complex factors that may be involved in determining the effects of competition in serpentine systems. The study finds that nutrient enrichment affects plant/soil microbial community feedback, leading to changes in plant and soil microbial community structure.
In a comprehensive investigation of the richness of serpentine plant species at multiple geographic scales, the authors compare the influences of spatial habitat structure and environmental features on local and regional species richness. They find local environment, regional richness, historical factors, and spatial structure to be important contributors to species richness. Early-21st-century work on serpentine ecology is highlighted, focusing on specific mechanisms of species tolerance and adaptation to serpentine soils, including their effects on species endemism, community structure, and ecosystem functioning. The review examines how metal-accumulating plants from serpentine soils can serve as extreme habitats for metal-tolerant bacteria and how the study of this cross-kingdom interaction can provide new insights on microbial adaptation and evolution.
 Moore, Kara A., and Sarah C. Elmendorf. 2011. Plant competition and facilitation in systems with strong environmental gradients. In Serpentine: The evolution and ecology of a model system. Edited by Susan P. Harrison and Nishanta Rajakaruna, 223-236. Berkeley: Univ. of California Press.
After considering experimental design of competition studies, the authors conclude that high levels of environmental heterogeneity on serpentine sites may affect the importance of competition along serpentine/non-serpentine gradients. They provide suggestions for future research approaches to studies of competition in serpentine systems. This study shows remarkable matching of seed color to soil color in Acmispon wrangelianus both in serpentine and nearby non-serpentine habitats. The study suggests that selection for crypsis (to defend against seed predation) is the likely explanation, illustrating an understudied factor that may be involved in adaptation to serpentine habitats. This study suggests that microarthropod diversity is less on serpentine soils with greater metal concentrations. Microarthropod diversity was also affected by concentration of soil organic matter, which covaried with metal concentration, suggesting that direct experiments will be needed to separate the effects of each facet.
Evolutionary Aspects
Due to the high degree of abiotic stress and insular nature of serpentine outcrops, serpentineassociated taxa are model organisms for the study of adaptation, ecotypic differentiation, and speciation. Von Wettberg and Wright 2011 (see Physiology and Genetics) shows how molecular methods have provided powerful tools to examine the genetic bases for adaptation to serpentine soils and to characterize the genes that may play a role in population differentiation and speciation. Turner, et al. 2010 , by using the model genus Arabidopsis, shows polymorphisms for traits involved in Ca:Mg tolerance and heavy-metal detoxification in serpentine and nonserpentine populations. The authors' results suggest that parallel ecological adaptations can occur via the differentiation of the same polymorphism at serpentine-tolerant loci in geographically distinct serpentine-tolerant populations. O'Dell and Rajakaruna 2011 provides an extensive review of intraspecific variation known to occur in serpentine and non-serpentine populations of seventy-eight taxa from twelve plant families, documenting flowering-time differences to suggest potential for reduced gene flow between ecologically divergent populations. Kay, et al. 2011 evaluates evidence for the mechanisms of plant speciation and lists modes of reproductive isolation documented for seventeen pairs of serpentine and non-serpentine sister species or populations. The authors highlight the contributions that studies of serpentine plants, including Mimulus, Layia, Collinsia, Helianthus, Noccaea, and Lasthenia, have made to the general understanding of speciation, and they suggest directions for future research. Ecological specialization can greatly reduce gene flow between divergent populations, and Yost, et al. 2012 employs a reciprocal-transplant experiment to examine how local adaptation to edaphic regions within a serpentine outcrop can contribute to prezygotic isolation between closely related taxa. Moyle, et al. 2013 shows that postzygotic barriers (hybrid sterility) between adjacent serpentine and non-serpentine ecotypes can also contribute to reducing gene flow, illustrating another mechanism by which population differentiation can take place via edaphic specialization. By using molecular phylogenies, Anacker, et al. 2011 and Anacker 2011 take a meta-analysis approach to understanding patterns of diversification under the serpentine influence, including the roles that evolutionary and biogeographic histories and regional environmental conditions play in the evolution of serpentine endemism. Anacker and colleagues' analysis of phylogenies for twenty-three genera from California shows that serpentine endemics exhibit few transitions out of the endemic state, suggesting adaptation to serpentine and subsequent diversification can lead to an evolutionary "dead end." Research in Kolář, et al. 2012 , however, suggests that serpentine lineages may not always represent evolutionary "dead ends" but, rather, are dynamic systems with a potential to further diversify via independent polyploidization and hybridization, even providing a pathway to radiate off serpentine soils. The chapter evaluates the theory and evidence for the mechanisms of plant speciation on serpentine soils. It highlights how studies of serpentine plants have contributed to the general understanding of speciation processes, and it suggests directions for future research.
To examine the link between polyploid evolution and serpentine differentiation, the authors investigate the evolutionary history of the polyploid complex of K. arvensis. Recurrent polyploidization appears to provide a pathway for tetraploid serpentine taxa to spread off serpentine habitats via hybridization with non-serpentine tetraploid lineages. The chapter reviews how adaptation to chemically harsh soil conditions, including heavymetal-enriched mine tailings and serpentine soils, can contribute to ecotypic differentiation and subsequent speciation. The discussion includes a useful summary of major trends in plant adaptation, as demonstrated by examples of intraspecific variation found among serpentine-tolerant species worldwide.
 Turner, Thomas L., Elizabeth C. Bourne, Eric J. Von Wettberg, Tina T. Hu, and Sergey V. Nuzhdin. 2010. Population resequencing reveals local adaptation of Arabidopsis lyrata to serpentine soils. Nature Genetics 42.3: 260-263.
Serpentine and non-serpentine populations document soil-type-associated polymorphisms at heavy-metal detoxification and Ca and Mg transport loci, providing candidate genes for the study of serpentine adaptation. Results suggest ecological adaptation via parallel differentiation of the same polymorphism as well as convergent evolution via different polymorphisms at the same loci.
Physiology and Genetics
Serpentine soils are challenging habitats for plants, and there has been considerable interest in determining how they meet those challenges. The low Ca:Mg ratio of serpentine soils is a major challenge to plant growth, and mechanisms to tolerate that low ratio are important adaptations. The review describes all aspects of heavy-metal tolerance in the Brassicaceae (mustard family), known to consist of many serpentine-tolerant species. Tables highlight ninetythree Brassicaceae species currently known to hyperaccumulate metals and metalloids, genes responsible for metal tolerance, and species genetically engineered for heavy-metal tolerance.
 Janssens, Thierry K. S., Dick Roelofs, and Nico M. van Straalen. 2009. Molecular mechanisms of heavy metal tolerance and evolution in invertebrates. Insect Science 16.1: 3-18.
Review focusing on insects and other invertebrates, highlighting early-21st-century work on metallothioneins and how their overexpression promotes cadmium tolerance in springtails (Collembola). This study shows that important stress factors in serpentine sites may act either separately or together in affecting plant traits. The authors also find that some traits may evolve independently of these stress factors and that phenotypic plasticity is a major adaptive feature of this model plant species. In a reciprocal-transplant experiment of populations from serpentine and non-serpentine soils, the authors find non-serpentine plants unable to survive in serpentine soils. By using hydroponics to isolate Ca:Mg ratio, they find reduced growth of the non-serpentine plants at low Ca:Mg ratios but similar levels of Mg uptake.
 Von Wettberg, Eric, and Jessica W. Wright. 2011. Genomic approaches to understanding adaptation. In Serpentine: The evolution and ecology of a model system. Edited by Susan P. Harrison and Nishanta Rajakaruna, 139-154. Berkeley: Univ. of California Press.
The chapter describes recent advances in the fields of ionomics, metabolomics, proteomics, transcriptomics, and genomics that can be utilized to uncover the mechanistic and genetic basis for the tolerance of and adaptation to serpentine and other heavy-metalenriched soils.
In an overview of the research that is developing Mimulus as a model system for evolutionary genetics, the authors describe how habitat adaptations (including those to serpentine habitats), floral evolution, breeding system, and other traits can be studied by using genetic tools developed for Mimulus.
Environmental Health
Serpentine areas may negatively affect human health. First, elevated metal concentrations may occur in water from serpentine watersheds. Krám, et al. 2009 reports high Ni in streams draining from a serpentine watershed in central Europe. Even if serpentine soils are modified to allow crop growth, elevated soil metals may lead to high concentrations in the crops, creating human health concerns. Fernández, et al. 1999 reports elevated levels of Cr and Ni in crop plants grown on serpentine soils in Spain; these high levels were amended by adding organic matter to the soils. There is concern about metal transfer through food webs of serpentine communities, but there is little evidence this is a health threat. , et al. 2013 summarizes how the mineral serpentinite could be used to sequester carbon dioxide, an important greenhouse gas. This technology takes advantage of the fact that the serpentinization process (see Geology and Pedology) involves production of carbonate minerals during hydrothermal altering of serpentinite. Carbon sequestration could be done by mining the mineral and using it in chemical reactors, or by injecting solutions containing carbon dioxide into underground serpentine formations. While this may help address the planet's carbon dioxide pollution problem, the potential negative impacts of this technology on the biodiversity of serpentine areas are significant.
The authors study a rare fungus that occurs on serpentine sites, conducting a phylogenetic analysis to confirm its classification and demonstrating its enhanced ability to degrade fibers of chrysotile asbestos (compared to another fungus isolated from agricultural soil). They suggest it may be useful in remediating asbestos pollution. In this examination of a serpentine forest site, the authors analyze rocks, soils, plants, and stream water and evaluate the stream community to produce a relatively comprehensive geoecological study. Tree growth was slow, and, despite relatively high Ni levels in stream water, the benthic macroinvertebrate community in the stream was relatively diverse.
 Meindl, George A., and Tia-Lynn Ashman. 2013. The effects of aluminum and nickel in nectar on the foraging behavior of bumblebees. Environmental Pollution 177:78-81.
By using flowers with artificially contaminated nectar, the authors document no effect for aluminum but a significant effect for nickel. Bumblebee visits were shorter to flowers with nickel-amended nectar, and bees were more likely to seek flowers farther away. They also may ingest toxic levels of nickel. This review presents the chemistry of carbonation by using minerals from serpentine areas. It evaluates the leading proposed in situ and ex situ technologies that may be used to sequester CO 2 both at local and global scales.
Habitat Reclamation and Restoration
Serpentine sites are often less disturbed by humans than other areas due to their relatively low primary productivity. Serpentine areas can be greatly affected by mining or geothermal energy development, which may require establishing vegetation on currently unvegetated areas (reclamation). Nickel mining has been an important activity on serpentine sites in New Caledonia, and there is great interest in revegetating highly disturbed mine sites. Jaffré, et al. 1997 contains contributions (some in French) that discuss attempts to revegetate these sites. Less intense activities, such as recreation or grazing, may also result in a need for plant community restoration. Recovery of ecological functions of impacted areas can be an important goal of reclamation/restoration efforts and may also decrease hazards to human health. O'Dell and Claassen 2011 provides an overview of the challenges and approaches useful for reclamation or restoration of serpentine sites. Because of the unique edaphic features of serpentine soils, plant materials used on serpentine sites should be from populations adapted to those soils (serpentine ecotypes In an investigation of vegetation changes spanning more than fifty years, the author documents forest encroachment on serpentine savanna areas. Prescribed fire may be able to reverse the observed succession trends.
 Branco, Sara. 2010. Serpentine soils promote ectomycorrhizal fungal diversity. Molecular Ecology 19.24: 5566-5576.
By using an innovative reciprocal-transplant experiment, the author finds a surprising lack of specialization of ectomycorrhizal fungi communities colonizing oak seedling roots. She concludes that serpentine soils are not a strong barrier to colonization, and she finds no evidence of serpentine specialist fungal species. This collection of forty-three papers covers a wide variety of serpentine topics, including a section of nine papers on revegetation of serpentine soils. Four papers target revegetation of the nickel mines of New Caledonia and provide overviews of the extensive work done there for this purpose.
Indonesia has some of the largest surface exposures of serpentine bedrock in the world, and the paper describes the potential for the use of native species for mine restoration, including the extraction of residual nickel via phytomining. Weiss 1999 was the first study to highlight how nitrogen deposition can lead to invasive species encroachment in nutrient-poor serpentine grasslands in California. Since this pioneering paper, much research has been conducted on how nutrient deposition and disturbance contribute to species-level and community-level dynamics on serpentine outcrops in California. Esch, et al. 2013 examines how grazing and nitrogen deposition contribute to exotic species cover (also see Vallano, et al. 2012, cited under Conservation) , microbial diversity, and nutrient cycling on serpentine soils, showing the possibility for large-scale shifts in species composition and population-level dynamics in serpentine habitats under predicted climate change scenarios.
Climate Change Consequences
 Anacker, Brian L., and Susan P. Harrison. 2012. Climate and the evolution of serpentine endemism in California. Evolutionary Ecology 26.4: 1011-1023.
The study examines whether evolutionary transitions to serpentine endemism are associated with transitions to more-favorable environments. Transitions to endemism were strongly associated with transitions to regions with more-benign climates, when originating from serpentine-intolerant ancestors, and to regions with greater habitat availability, when originating from serpentine-tolerant and -intolerant ancestors.
One of the earliest papers documenting that serpentine grasslands near San Francisco, California, have been invaded by the exotic grasses as the result of nitrogen deposition, primarily via fossil fuel emissions in central and coastal California.
Conservation
Serpentine areas have high priority for biodiversity conservation because of the relatively large numbers of endemic species and ecotypes. Conservation of the biota of serpentine areas faces many challenges. Whiting, et al. 2004 and Baker, et al. 2010 list some of those conservation threats and also point out the importance of conserving the biodiversity of serpentine plant species, in part because of the value of their genetic resources for potential uses such as phytoremediation and phytomining. Compared to other habitat types, serpentine areas may be relatively resistant to invasion by non-natives because of their relatively inhospitable habitat features. In the relatively well-studied Californian serpentines, Harrison, et al. 2006 shows that non-native plant species had a relatively small influence on the richness of serpentine-endemic species. This inherent resistance may be affected by some human activities. Vallano, et al. 2012 demonstrates that nitrogen deposition increases soil fertility, shifting the competitive relationships to favor non-natives and promoting invasion by exotics. The naturally occurring, highly fragmented spatial relationships among sites across a landscape can also influence conservation efforts. Saccani, et al. 2007 is a booklet containing a brief description of serpentine reserves within northern Italy. Thorne, et al. 2011 uses a California serpentine area as an example of systematic conservation planning. In the United States, some rare serpentine soil species are protected by the Endangered Species Act, and this protection triggers development of a recovery plan. As an example, Elam, et al. 1998 is the recovery plan for twenty-eight species of animals and plants that occur mainly on scattered serpentine areas around the San Francisco Bay of California. Such recovery plans contain much useful information, including a literature review, a status report on each species (including conservation threats), recovery objectives for each species, and a strategy for species conservation. Finally, some studies of serpentine plants have addressed the ecological effects of the fragmented nature of serpentine areas on plant population biology, because they may have conservation management implications. Wolf 2001 studies the reproductive ecology of two serpentine-endemic species on large and small serpentine outcrops, determining that one was restricted to seeps microhabitats. Wolf concluded that conservation management of these two species would require different but complementary approaches. Excellent example of a recovery plan prepared for rare serpentine species occurring near a major human population center. Fourteen federally listed species and another fourteen species of conservation concern are included in this more than 330-page-long document, which is a rich summary of available biological information on each species. In an analysis of an extensive data set, the authors find no evidence that exotic plant species cover reduces richness of native herb species. They conclude that exotic species have mainly localized impacts, and as of yet there is no detectable decline in the richness of the unique California serpentine flora.
